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(54) Abstract Titfe: Mono - dlBmeter wellt>ore casing 

(57) A tubular structure positioned in a borehole within . 
a subterranean formation comprises a first tubular 
member 115, and a second tubular member 210 
coupled to and overlapping with the first member 
115, the second tubular member beiiig coupled to 
the first by the process of installing the second 
tubular member 210, an expansion cone 205, and a 
shoe 215 that defines an interior region for 
containing fluidic materials in the borehole, radially 
expanding at least a portion of the shoe 215 by 
Injecting a fluidic material into the shoe, and 
radially expanding at least a portion of the second 
tubular member 210 by injecting a fluidic material 
Into the borehole below the expansion cone. The 
expanded tubular member has the same inner 
diameter as the non-overlapping portion of first 
(pre-existing) tube 115 after expansion. The 
procedure may be repeated with further tubes 210. 
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..^iffmO-DIAMETERWELLBORE CASING 
Cross Refermce To Rdated Applications 
Thte application is a conOnuatlon-in-part of U.S. utiBfy application serial numt>er 
09^454,139. attorney dodwt numt)er 25791.3.02. filed on 12/3^1999. whidi daimed the 

5 twnefit of the filing date of U.S. provslonal patent application serial numl)er 

6W1 11,293, attorney dodcet numtMr 25791.3. filed on 12/7/1998. the disclosures of 
which are incorporated herein t)y reference. 

This application is related to the fbflowihg: (1) U.S. patent appRcaOon serial no. 
09^54.139. attorney dodwt no. 25791 .03.02. filsd on 12/3/1999. (2) U.S. patent 

10 appHcaUon serial no. 09/510.913. attorney dodwt no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09^02.350. attorney dodcet no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, attorney dodcet no. 
25791 .9.02. filed on 1 1/15/1999. (5) U.S. patent application serial no. 09/523,460, 
attorney dodcet no. 25791.1 1.02, filed on 3/10/2000. (6) U.S. patent application se^i 

15 no. 09^12,895. attorney dodcet no. 25791 .12.02, fited on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1 ,941 . attorney dodcet no. 25791.16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09^88,946. attorney docket no. 25791.17.02. filed 
on 6/7/2000, (9) U.S. patent application serial no. 09^59.122. attorney dodcet na 
25791.23.02. filed on 4/28/2000. (10) POT patent application serial no. 

20 PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 7/9/2000. (11) U.S. 

provisionai patent application seirial no. 60/162,671, attorney dodcet no. 25791.27. fiM 
on 11/1/1999. (12) U.S. provisional patent appHcation seriai no. 80/154.047. attorney 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provistonai patent appikation serial 
no. 6(V159.082. attorney docket na 25791.34. filed on 10/12/1999. (14) U.S. 

25 poviskmai patent appOcation serial no. 60/159.039. attorney dodcet no. 25791.36. filed 
on 10/12/1999. (15) U.S. provistonal patent appikation serial na 60/159.033. attorney 
docket no. 25791^37. filed on 10/12/1999. (16) U.S. provisional patent application serial 
no. 60/212.359. attorney docket na 25791 .38. filed on 6/19/2000. (17) U.S. proviskmal 
patent application serial no. 60/165,228. attorney docket no. 25791 .39, filed on 

30 11/12/1999. (18) U.S. prov{sk>nal patent application serial no. 60/221 .443. attorney 
docket no. 25791 .45, filed on 7^8/2000. (19) U.S. provistonal patent appOcation serial 
no. 60/221.645. attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provistonal 
patent application serial no. 60/233,638. attorney docket no. 25791.47. filed on 
9/18/2000. (21) U.S. provisional patent appOcation serial no. 60/237,334, attorney 

35 docket no. 25791 .48. filed on 10/2/2000. arKl (22) U.S. provtetonal patent application 
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sertal no. 60/262.434, attorney docket no. 25791.51, filed on 1/17/2001. the dtedosures 
of which are incorporated herein by raferenoe. 

Background of the Inventton 
This inventkm relates generally to waObore casings, and In partteu^ 
5 casings ihat are formed using expandat>le tubing. 

Conventionally, whm a weilbore Is created, a number of casings are installed in 
the borehole to prevent ooHapse of tto borehole wall and to prevent und»rired outflow 
of drilling fluid into the fonmatton or inflow of fluid from the fbrmation into the. borehole. 
The l)orehoie is drilled in intervals v^reby a ca^g which is to be installed in a kawer 

10 borehole Interval Is towered through a prevtously installed casing of an upper borehole 
Interval. As a consequence of this procedure the casing of the tower Intenral is of 
smaller diam^er than the casing of the upper intend. Thus, the casings are in a 
nested arrangement with casing diametere decreasing in downward direction. Cement 
annul! are provkled between the outer surfaces of the casings and the borehole wall to 

15 seal the casings from the borehole wall. As a consequence of this nested arrangement 
a reiativeV large borehde dianrieter is required at the upper part of the Such 
a large t)orehole dt^neter involves increased costs due to heavy casing handling 
equipment, large dn1l bits and increased volumes of drilling fluid and drill cuttings. 
Moreover. Increased drilling rig time is invoh^ due to required cement pumping. 

20 cement hardening, required equipment changes due to large variations in hole 

diameters drilled in the course of the well, and the large volume of cuttings drilted and 
removed. 

The present inventton is directed to overcoming one or more of the limitations of 
the existing procedures for fomning new sections of casing In a wellbore. 
25 Summary of thei Invention 

According to one aspect of the present inventton, en apparatus for fonring a 
wetibore casing in a borehoto located in a subterranean fbmnalton including a 
prewdsting weHbpre casing is provkled that includes e support member including a first 
fluhl passage, an expanston cone coupled to the support member including a second 
30 fluid passage fluMtoly coupled to the first flukJ passage, an expandable tubular liner 
movably coupled to the expanston cone, and an expandabto shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present Invention, a shoe is provided that 
includes an upper annular portton, an intenmediate annular portion, and a lower annular 
35 portion. The intennediate annular portion has an outer c&cumference that is larger 
than tt)e outer droumferanoes of the upper and tower annular portions. 


3 

Aooording to another aspect of the present invention, a method oT fbmning a 
welSK)re casing in a subtananean fbnnation having a preexisting W8fflx>re casing 
positioned in a t)orehole \s provided that includes instaliing a tutnilar liner, an expanskm 
cone, and a shoe in the l)orehole. radially expanding at least a po^ 
5 injecting a fliddlc material into the shoe, and radially expanding at least a portion of the 
tutelar iiner by injecting a fluidic material hto the l)orBhole t)6low the expansion cone. 

According to another aspect of the present invention, an apparatus for forming 
a welB>ore casing in a sutMmanean fonmation having a preexisting welltmra casing 
positioned In a lx>rehole is provided that includes means for installing a tubular liner, an 
10 expansion cone, and a shoe In the borehole, means for radially expanding at least a 
portion of the shoe, and rneans for radially e)q)anding at least a por^ 
liner. 

According to another aspect of the present invention, an an>aratU8 for fomilng 
a wellbore casing within a subterranean formation including a preexisting welibore 

1 5 casing positioned In a borehole Is provided that includes a tubular Ibier, and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting ^^llbore casing. The inside diameter of the radially expanded tubular liner 
Is substantially equal to the Inside diameter of a non-overlapping portion of the 
preexisting wellbore casing. 

20 According to another aspect of the (xresent invention, a wellbore casing 

positioned in a borehole within a subterranean fbrmatton is provided that Includes a first 
wellbore casing, and a second wellbore casing coupled to and overlapping with the firet 
wellbore casing. The second wellbore caslr^ is coupled to the first wellbore casing by 
the process o^ installing the second wellbore casing, an expansion cone, and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe, and rsdiaiiy expanding at least a portion of the second wellbore 
casing by irjecting a fluidic mate^ into the borehole betowthe expanston cone. 

According to another aspect of the present Invention, a method of forming a 
tubular structure in a suUenanean fonnatlon having a preexisting tubular member 

30 positfoned in a borehole is provided that includes installkig a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
Injecting a fluidic material into the shoe, and redlally expanding at least a portion of the 
tubular liner by injecting a fluidic material into the borehole below the expansion cone. 
According to another aspect of the present invention, an apparatus for fomning 

35 a tubular structure in a 8iri)tsnranean formation having a preexisting tubular member 
positioned In a borehole Is provided ttat includes means for instdling a tubular liner, an 


r 


4 

expansion oone, and a shoe in the borehole, means fo^ 

portion of the shoe, and means for ladiaUy expanding at Imst a portion of the tubular 

liner. 

According to arwttier aspect of the prreent Inventton, an apparatus for forming 
5 a tubular stnjcture within a std>terTanean formation including a preexisting tubular 
member positioned in a borehole Is provided that includes a tubular Hner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-<iverlapping portion of the 
10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a borehole within a subterranean fbnnation is provided that includes a first 
tubular member and a second tubular member coupled to and overlapping with the first 
tubular member. The second tubular member Is coupled to the first tubular member by 
15 the process of: installing the second tubular member, an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe, and radially expanding at least a portion of the second tubular 
member by injecting a fluidic material into the borehole below the expansion cone. 

Brief Description of the Drawings 
20 FIG. Us a fragnwntary onoss-secttonal view illustrating the drilling of a new 

section of a well borehole. 

FIQ. 2 Is a fragmentary cross-secUonal view illustrating the placement of an 
embocfiment of an apparatus for creating a mona<Kameter wellbore casing within the 
new section of the well borehole of FIG. 1 . 
25 FIG. 2a is a cross-sectional view of a portion of the shoe of the apparatus of 

FI6.2. 

FIG. 2b Is a cross-sectional view of another portion of the shoe of the apparatus 
ofRG.2. 

FIQ. 2c is a cross-sectional view of another portion of the shoe of the apparatus 
30 ofR6.2. 

FIG. 2d is a cross-secUonal view of another portion of the shoe of the apparatus 
ofRG.2. 

FIG. 2e Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentary cross-sectional view illustrating the injectbn of a . 
hardenable fluidic sealing matertal through the an)aratus and into the new section of 
the weD txvehoie of FIG. 2. 

FK3. 3a te a cross^edional view of a portion Gf ttra shoe of the apparatus ^ 

5 FIG. 3. 

FIG. 3b b a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragmentary ooss-secUonai view iOustrating the hjection of a fluidic 
material into the apparatus of FIG. 3 in order to fluididy isolata the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portton of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FI& 5 is a ooss-sectional view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radlaOy expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view Illustrating the expansion of the expandable 
expansion bone of the apparatus of FIG. 6. 
20 FIG. 8 Is a cross-eectional view illustrating the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sectional view IDustratIng the completion of the radial 
mpansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 Is a cross-sectionai view iilustrathg the rmoval of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-sectional view illustrating the formation of a mono<liameter 
vveilbore casing that includes a plurality of overlapping mono-diameter weilbore 
casings. 

FIG. 12 is a fragnientary cross^edionai view illustrating the placement of an 
30 alternative embodiment of an apparatus for creating a nrxmo-diameter weilbore ciasing 
within the weilbore of FIG. 1. 

FIG. 12a is a cross-secttonal view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b is a cross-secttonal view of a portion of the shoe of the apparatus of 
35 FIG. 1Z 
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FIQ. 12c is a cross-sedional ^riew of another portion of the shoe of the 
apparatus of Fi& 12. 

FIG. 12d Is a cross-sectional viewof another portion of the shoe of the 
apparatus of FIG. 12. 
5 RG. 13 is a fragmentary cross-sectional view illustrating the injection of a 

hardenak>ie fluidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 12. 

FIG. ISaisacross^sedionaiviewof aportionofthedmoftheappara^ 
nG.13. 

10 FIG. 14 is a fragmentary crose-eectional view illustrating the injectton of a fluidic 

material into the apparatus of FIG. 13 in order to fluididy isdate the interior of the shoe. 

FIG. 14a is a cross-sectionai view of a portim of the shoe of the apparatus of 
FIG. 14. 

FIG. IS is a cross-secUbnal view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-sectional view illustrating the lowering of the expandatrie 
expansion cone into the radially exparKled shoe df the apparatus of FIG. 15. 

FIG. 17 is a cross-sectimal view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 1 6. 
20 FIG. 1 8 Is a cross-sectional view illustrating the injection of fliddic material Into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a cross-sectional view illustrathg the completion of the radial 
expansion of the expandable tubular member of the apparatus of nG. 18. 

FIG. 20 is a cross-sectional vtow illustrating the ramoval of the bottom portion of 
25 theradialiyexpandedshoeortheapparatusof FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Referring initially to FIGS. 1 . 2. 2a. 2b, 2c 2d, 2e, 3, 3a. 3b, 4, 4a. 4b. and 5- 
10, an embodiment of an apparatus and method for fonming a mono-diameter weUbore 
casing within a subterranean formation will now be described. As fllustrated in Fig. 1 . a 
30 welibore 100 is positioned in a sid)terranean fonnation 105. The wellbore 100 includes 
a pre-existing cased section 1 1 0 having a tubular casing 1 1 5 and an annular outer 
layer 120 of a fluidic sealing maternil such as. for example, cement The wellbore 100 
may be positioned in any orientation from vertical to horizontal. In several alternative 
emtxxllments, the pre-existing cased section 110 does not include the annular outar 
35 layer 120. 
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In order to extend the wellixra 100 into the subterranean fonnation 105. a drill 
string 125 Is used In a weO Jmown manner to drill out material from the sutitenanean 
fbnration 105 to forni a new wBllbore section 130. In a prefenBd emtxxllment. the 
Inside diameter of the new wellliore section 1 30 is greater than the inside dianieter of 
5 theprsexistingwelllxNeiBasingllS. 

As illustrated In FIGS. 2. 2a. 2b, 2c 2d. and 2a. an apparatus 200 for Ibrming a 
wellbore casing in a sutrterranean fomiation is then positioned in the new section 130 
of the weUbore 100. The apparatus 200 preferabiy includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that includes a lower 

10 portion 210a. an Intannediate portion 210b. an upper portion 2100. and an upper end 
portion210d. 

The expansion cone 205 may be any number of conventionai commercially 
available expansion cones. In several altamativa embodimisnts, the expansion corw 
205 may be conirollal)ly expandable in the radial direction, for example, as disclosed in 
15 U.S. patent nos. 5.348,095, and/or 6.01 2.523. the disclosures of which are 
incorporated herein by r^erence. 

The tubular member 210 may t>e fabricated from any numtier of conventional 
commeicially available materials such as. for exampte. Oilfield Country Tubular Goods 
(OCTG), 13 chrwnium steel tul)ing/caslng. or plastic tubing/casing. In a preferred 
20 embodiment, the tubula- member 210 fabricated frem OCTG in order to maximize 
strength aflw- expansion. In several aitsmatlve embodiments, the tubular member 210 
may be soDd and/or slotted. For fypicai tubular member 210 materials, the length of 
the tuANdar memtier 210 is prsferatiiy limited to between about 40 to 20.000 feet In 
length. 

25 The lower portion 210a of the tubular mernber 210 preferably has a larger 

inside diameter than the upper portion 210c of the tubular member: inaprefened 
embodirnent the waH ihidmess of the bitenmediate portion 210b of the tidxiiar inernber 
201 is less than the wall thidcness of the upper portion 210c of the tubular member In 
order to facilitate the Initiation of the radial expansion process, in a preferred 

30 embodiment, the upper end portion 210d of the tubular member 210 is slotted. 

perforated, or othenwise modified to catch or slow down the expansion cone 205 when 
it completes the extnjston of tubular member 210. in a preferred embodiment, wall 
thidoiess of the upper end portion 210d of tha tubular member 210 is gradually tapered 
In order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radial expansion process. In this manrwr, shodc loading conditions 
during Ota latter stages of the radisd expansion process are at least minbnizBd. 


A shoe 215 is coupled to the lower portion 210a of the tubular member. The 
shoe 215 includes an upper portion. 215a. an intermediatB portion 21Sb, and kwver 
portlon 215c ha^ng a valveabie fluid passage 220 that Is preferably adapted to 
a plug, dart, or cttter sinriiar element fbr oontrollably sealing the fluid passage 220. In 
5 this manrier, the flidd passage 220 rnay be optlinally sealed off by introducing a plug, 
dart and/or baD seaHr^ elements Into.the fluid passage 220. 

The upper and lower portions. 21Sa and 21Sc of the shoe 215 are preferably 
mAslantialiy tubular, and the Intemnedlate portion 21% of the shoe is preferably at 
least partially folded inwardly. Furthemwre, In a prefaned embodiment, when the 

10 interrnediate portion 215b ofthe shoe 215 is unfolded by the application of ftjid 

pressure to the Interior region 230 of the shoe, the inside and outside diameters of the 
intermediate portion are preferably both greater than the Inside and out^ diameters 
of the upper and lower portions. 215a and 215c. In this manner, the outer 
drcumferenoe of the intenrwdiate portion 215b of the shoe 215 is preferably greater 

15 than the outsMe drcumferences of the upper and lower portions. 215a and 215b. of the 
shoe. 

in a prefierred embodiment, the shoe 215 further includes one or mors through 
and side ouU^ ports in fhddic communication the fluid passage 220. In this 
nrianner, the shoe 215 optimally injects hardenabie fiuldic sealing material into the 

20 region outside the shoe 215 and tubular member 210. 

In an alternative embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a and 22Sb is coupled to the 
expansion cone 205 fbr supporting the apparatus 200. The fluid passage 225a is 
prefiBrBlHy fluldidy coupled to the fluid passage 205a. In this manner, fluidic materials 

25 rnay be oinveyed to and ftfom the region 230 below the expension cone 205 and above 
the bottom of the shoe 215. The flukt passage 2ab is prelimbiy fluldidy c^ 
the fluid passage 225a and includes a conventional eontroi valve. In thte manner, 
during piaoeinent of the apparatus 200 within the wellbore 100, surge prsssures can be 
relieved by the fluid passage 225b. in a preferred embodiment, the support membo- 

30 225 further Indudes one or more conventional oentralbBrB (not Dlustrated) to help 
stabilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 1 00. the fluid 
passage 225a is preferebly selected to transport materials such as. for example, drilling 
mud or fbnmation fluids at flow rates and pressures ranging from about 0 to 3,000 

35 gallons/rnlnute and 0 to 8,000 psi in order to minimize drag on the tubular ntember 
being run and to minimize suige pressures exerted on the wdlbore 130 which could 
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cause a loss ofweflbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbore 1(N)» the fluid passage 225b Is preferatriy selected to 
convey fluMic materials at flow rates and pressures rangirig from about 0 to 3,000 
galkms/Mnute and 0 to 9,000 psi bi order to reduce the drag on the apparatus 200 
5 during insertion into the new section 130 of the weHbone 100 and to minimize surge 
pressures on the new wettKm section 1 30. 

A cup seal 235 is coupled to and supported by the support nriem^^ The 
cup seal 235 prsvents fbraign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be eny 

10 number of conventional commercially available cup seals such ». for example. TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a prefeoBd embodiment, the cup seal 235 is a 
SIP cup seal. avaHable from Halliburton Energy Services In DaDas, TX in order to 
optimally block foreign material and contain a body of lubricant In several alternative 

1 5 embodiments, the cup sea! 235 may include a plurality of cup seals. 

One or more sealing members 240 are preferably coupled to and supported by 
the ext^r surface of the upper end portton 210d of the tubular member 210. The 
sealing members 240 preferably provide an overiapping joint between the lower end 
portton 1 15a of the casing 11 5 and the upper end portton 21 Od of the tubular member 

20 210. The sealing nriembers 240 rnay be any number of c^^ 

available seals such as, ibr example, lead, rubber. Tefloiyor epoxy seiris nKxllfied in 
acoordOTce with the teachings of the (rosent diwtosure. In a preferred embodiment, 
the sealing members 240 are mokJed from Stralakx* epoxy a^ilable from Halliburton 
Energy Servtoes in Dallas, TX in order to optimally provide a toad bearing interferenoe 

25 fit between the upper end portton 210d of the tubuler member 210 and the lower end 
portton 1 15a of the existing casing 1 1S. 

In a prafsnred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient fricUonal fbroe to stvport the expanded tubular member 21 0 from 
the existing casing 115. In a prefened embodiment, the frteUonal force optimally 

30 provided by the sealing mmbers 240 ranges fifom about 1,000 to 1.000.000 Ibf in 
order to optimally support tiie expanded tubular member 21 0. 

in an alternative embodiment, the sealing members 240 are omitted from the 
upper end portion 21 Od of the tubular member 210. and a load bearing metal-to-metal 
interference fit is provided betwem upper end portion of the tubular member arKl the 

35 tower end portion 1 15a of the existirtg casing 1 15 by plastically defonning and radially 
expanding the tubular member into contact with the existing casing. 
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In a preferred embocfiment. a quan% lubricant 245 is 
region above the expansion oone 205 within the interior of the tubular meniber 210. in 

this manner, the extrusion of the tubular mernber 210 off of the expansfam cone 205 is 
facilitated. The lubricant 245 may be any number of oarivjpntional commercially 
available lubricants such as. for mampis, LubriptatJ^lorine based iubrlcwits. oil 
based iubricantsorClirnax 1500 Antisieze (3100). In a preferred embodiment, the 
lubricant 245 is Climax 1500 AnUsiezB (3100) available from Climax Lubricants and 
Equipment Co. fn Houston, TX In order to optimally provide optimum lubrication to 
fadlHate the expansion process. 

in a preferred embodiment, the support member 225 is thoroughly cleaned prior 
to assembly to the remaining portions of the apparatus 200. In this manner, the 
introducUcMi of fbr^n material Into the apparatus 200 is minimized. This minimizes the 
possibility of foreign material dogghg the various flow passages and valves of the 
apparatus 200. 

In a prefsnred embodirnent, before or after positioning the apparatus 200 vinthin 
the new section 130 of the welibore 100, a couple of wellbore volumes are drculated In 
order to ensure that no tors^n materials are located within the welibore 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interfem with the expansion process. 

As Olustrated in FIGS. 2 and 2e, in a preferred embodiment, during piaoement 
of the apparatus 200 within the welibore 100, fluMic materials 250 within the welibore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220. 205a, 225a, and 225b. In this manner, surge pressures created by the 
piaoement of the fi^paratus within the welibore 100 are reduced. 

As Illustrated In FIGS. 3, 3a, and 3b. the fluid passage 22Sb Is then closed and 
a hardenabie fluidic seaDnjg mateiiai 255 is then pumped from a surface location Into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205d into the interior region 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes from the interior region 230 Into the fluid passage 
220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 21 0 and the interior wall of the new section 
130 of the welibore 100. Continued pumping of the material 255 causes the nriaterial to 
fill up at least a portion of the annudar region 280. 

The material 255 is preferably pumped into the annular region 260 at pressures 
and flow rates ranging, (or exarnple, from about 0 to 5000 psi and 0 to 1 ,500 
gsflons/Mn, respectively. .The opibnum flow rate and operating pressures vary as a 
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functfon of the casing and vwellbore sizes, wellbore section length, availabte pun«>ing 
equtpment. iand fluid properties of the fluidlc material being pumped. The optimum flow 
rate and operating pressure are prefiBral)ly detennlned using conventional empirical 
methods. 

5 The hardenabia fluidic sealing material 255 may be any number of conventional 

commercially available hardenabia fluidic sealing materials such as. for example, sbg 
mix, cement, latex or epoxy. In a prefened embodiment, the hardenabia fluidic seaHng 
material 2S5 is a blended cement piepared spedficailyfbr the particular weU section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

10 support for tubular member 21 0 \wfil|e elso maintaining optimum flow characteristics so 
as to minimize difnculties during the displacement of cement In the annular region 260. 
The optimum blend of the blended cement is preferably detennlned using conventional 
empirical methods. In several alternative embodiments, the hardenabia fluidic sealing 
material 255 is compressible before, during, or after curing. 

15 The annular region 260 preferably is filled wilh the material 255 in sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 130 of the wettbore 100 will be filled with the material 
255. 

In an alternative embodiment, the ir^ection of the material 255 Into the annular 

20 ragion 260 Is omitled, or la provided after the radial expansion of the tubular member 
210. 

As Itlustratad in FIGS. 4. 4a. and 4b, once the annular region 260 has been 
adequately filled with the nraterial 255, a plug 265. or other similar device, is Introduced 
into the fluid paesage 220. thereby fluididy isolating the interior region 230 ftom the 

25 annular region 260. In a prefened embodiment, a non-hantonablefiuldic malarial 270 
is then purnpediiito the interior region 230 causing the interior region to pressurize. In 
tttis manner, the Interior region 230 of the expanded tubular member 210 wm not 
contain significant amounts of the cured material 255. This also reduces and simplifies 
the cost of the entire process. Alternatively, the material 255 may be ueed during this 

30 phase of the process. 

As illustrated In FIG. 5, in a preferred entfxxJIment, the continued injection of 
the flufdic material 270 pressurizes the region 230 and unfolds the intermediate portion 
215b of the shoe 215. In a prefenned embodiment, the outside diameter of the unfolded 
Intwmediata portion 21Sb of the shoe 215 greater than the outside diameter of the 

35 upperandlowerportione. 215a and 215b. of the shoe. In a preferred embodiment, the 
inshto and outside diameters of the unfolded intemiediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
portions, 215a and 215b, of the shoe. In a prafened emtx)d!n»nt, the inside diameter 
of the untbUed Intermediate portion 215b or the shoe 215 is sui^stan^ 
greater than the inside dimeter of the preexisting casing 1 15 in order to opthnally 
5 fedDtate the fbnmation of a momHUameter welibore casing. 

As illustrated in R6. 6, in a prefemed embodiment, the expansion cone 205 is 
thm lowered Mo the unfolded intermediate portiOT 215b of the shoe 215. In a 
preferred enribodiment, the expansion cone 205 is lowered Into the unfolded 
Intermediate portion 215b of the shoe 215 until the bottom of the expansion cone is 

10 proximate the lovyer portion 215c of the shoe 215. in a prefiBrred embodiment, during 
the lowering of the expansion cone 205 into the unfold^ intemiediate portion 215b of 
the shoe 21 5, the material 255 within the annular r^ion 260 and/or the bottom of the 
welibore section 130 mainteins the shoe 215 in a substantiaBy stetionary position. 
As illustrated in FIG. 7, in a preferred embodiment, the outside diameter of the 

15 expandon cone 205 is then increased. In a prefened embodiment, the outside 
diameter of tto expansion cone 205 Is increased as dtedosed in U.S. patent nos. 
5,348.095, and/or 6,012,523, the disclosures of which are incorporate herein by 
reference. In a preferred emtxxliment the outside dlanmter of the radially expanded 
expansion cone 205 is substantially equal to the inside diameter of the preexisting 

2D welibore casing 115. 

In an altemath^ embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially expa^^ In this 
manner, the upper portion 21 Oc of the shoe 210 may be radially expanded by the radial 
expanston of the expansion oone 205. 

25 In another ailernathfeembodinrient, the expansion oone 205 is not rad^^^^ 

exparxled. 

As Illustrated in FIG. 8. in a preferred embodiment, a fluidic material 275 Is then 
iriiected Into the region 230 through the fluid passages 225a an^ Inaprefbrred 
embodiment once the interior region 230 becomes sufficient^ pressurized, the upper 

30 portion 215a of the shoe 215 and the tubular member 210 are preferably plastically 
deformed, radially expanded, and extruded off of the expansion cone 205. 
Furthmnore, in a preferred embodiment, during the end of the radial expanston 
process, the upper portion 21 Od of ttie tubular member and the lower portion of the 
preexisting casing 115 that overlap with <me another are simultaneously plastically 

35 deformed and radially expanded. Iri this manner, a mono-diameter welibore casing 
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may be fanned that bidude^ the preexisting vvellbore ^ 
mpanded tubular mendwr 210. 

During the extrusion process, the expanston cone 205 may be raised out of the 
expanded portion of the tubular member 210. in a piefened embodiment, during the 
5 exinision process, the expansion cone 205 is raised at approximately the sarne rate as 
the tubular member 210 is expanded in order to l(eep the tubular member 210 
stationary reiativa to th»new weilbors sectiori 130. in this manner, an overlapping Joirrt 
between the rstflally expanded tubular member 210 and the lower portion of tto 
prse)dsting casing 115 may be opUmaiiy fbnned. in an attsmaUve preferred 

10 embodiment, the expansion cone 205 is maintained in aslationary position during the 
extnnion process thereby alioMrfng the tubular meniier 210 to extrude off or the 
axpansion cone 205 and into the new weilbore section 130 under the force of gravis 
and the operating pressure of the intertor r^ion 230. 

In a prefened embodiment, when the upper end portion 210d of the tubular 

15 rnember 210 and the lower portion of the preexisting cesing 115 that overlap with one 
another are plastically defbnned and radially expanded by the expansion cone 205. the 
expansion cone 205 is displaoad out of the weilbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

20 The overlapping joint between the lower portion of the preexisting casing 115 

and the radially expanctod tubuhv member 210 preferably provides a gaseous and 
fhjldic seal. In a particularty preferred embodiment, the sedbig membere 245 optimally 
provide a fhjldic and gaseous seal In the overlapping joint in an alternative 
embodiment, the sealing membere 245 are omitted. 

25 In a prefened embodiment, the operating pressure and flow rate of the fkJidlc 

material 275 oontroilabiy ramped down when the expansion cone 205 reachee the 
upper end portion 210d of the tubular member 210. in this manner, the sudden release 
of pressure caused the complete exinision of the tubular member 210 off of the 
expansion cone 205 cen be mInlmizBd. In a prefened embodiment, the operating . 

30 pressure is raduoed in a substentiallynnMrfeshiontinom 100% to about 10% during 
the end of the extmslon process beginning when the expansion cone 205 is within 
about 5 feet from comptotion of the exinjsion process. 

Alternatively, or in combination, the wail thidoiess of the upper end portion 
210d of the tubular member is tapered In order to gradually reduce the required 

35 opererting pressure for plastically dsfbrming and radially expanding the upper end 
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portion of the tubular mefnt)er In this manner, shock loading of the apparatus is at 
iMst reduce. 

Alternatively, or inr cornt>ination, a shock atttorber is prc^ 
member 225 In order to at>8orb the shock caused by ttra sudden release of pressure. 
5 The shock absorber rnay comprise, for example, any conventkmal cm 

availatte shock absorber, bumper sub, or Jars edited fen- use in wfellbore operattons. 

Attemativeiy. or in combination, an expanston cone catching s^ 
provided in the upper end portton 210d of the tubular member 210 in order to catch or 
at least decelerate the axpanskxi cone 205. 
10 In a preferr^ embodiment, the apparatus 200 is adapted to mlnlmbe tensile, 

burst and friction effects upon the tubular member 21 0 during the expanskm process. 
These effects will be depend upon the geometry of the expansion cone 205. the 
material composition of the tubular member 210 and expansion cone 205. the inner 
diameter of the tubular member 21 0, the wall thfckness of the tubular member 210, the 
15 type of lubricant, end the yield strength <rf the tubular member 210, In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tutHJiar member 210. then the greater the operating pressures required 
to extnide the tubular member 21 0 off of the expansion cone 205. 

For typical tubular members 210, the extruskm of the tubular member 210 off of 
20 the expansion cone 205 will begin when the pressure of the friterkx- regton 230 
reaches, tbr example, approximalely 500 to 0.000 pel. 

During the extrusion process, the expanston cone 205 may be raised out of the 
expanded portkm of the tubular member 210 at rates ranging, for example, from about 
0 toS fl/sea In a preferred embodiment, during the extnjston process, the expansion 
25 cone 205 is raised out of the expanded portton of the tubular member 210 at rates 
ranging from about 0 to 2 f^sec in order to minimize the time required for the expansion 
process while also pemnitting easy control of the expansion process. 

As niffitrated in FIG. 9, once the extruskm process is completed, the expanston 
a)ne205is rennovedfiromthewellbore100. In a prefened embodiment, either before 
30 or after the removal of the expanston cone 205, the integrity of the flukUc seal of the 
overlapping joint between the upper end portton 21 Od of the tubular member 210 and 
the lower end portton 1 15a of the preexisting wellbore casing 1 15 is tested using 
oonventtonal methods. 

In a rrofeoed embodiment. If the fluidic seal of the overlapping joint between 
35 the upper end portton 21 Od of the tubular member 210 and the lower end portton 1 15a 
of the casing 1 1 5 is satisfactory, then any uncured portton of tfie material 255 within the 
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expanded tubular member 210 is then removed in a conventional manner such as. for 
example, drcuialing the uncured material out of the Interior of the expanded tubular 
member210. The expansion oone 205 is then pulled out of the weiibpre section 130 
and a drID bit or mBI is used in combination with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 2ia in a prefbned 

embodiment, the material^ within the annular region 260 is then allowed to ftjfly 
cure. 

As liiustiated In FIG. 10. the bottom portion 21Sc of the shoe 215 may then be 
removed by drilling out the bottom portion of the shoe using conventlonai drilling 

methods. The weilbore 100 may then be extended in a conventional manner using a 
conventional drifflng assembly. In a preferred embodiment, the inside diameter of the 
extended portion of the weilbore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As DIustrated in FIG. 1 1, the method of FIGS. 1-10 may be repeatedly 

performed In order to provide a mono-diameter weilbore casing that includes 

overiapping weilbore casings 115 and 210a.210e. Tlie weilbore casing 115. and 2T0a- 

21 Oe preferably include outer annular layere of fhjidic sealing material. Altemativeiy. 

the outer annular layers of Huidlc sealing material may be omitted. In this manner, a 

momHiiameterwelftMre casing may be fbnned within the subterranean fomwtion that 

extends for tens of thousands of feet More generally still, the teachings of FIGS. 1-11 

may be used to form a mono-diameter weHbore ca^g. a pipeline, a structural support. 

or a tunnel within a subtenanean formation at any oriantafion ftom the vertical to the 
horizontal. 

In a preferred embodiment, the formation of a monoKiiameter weilbore casing, 
as illustTBtad in HGS. 1-11. is further provided as disclosed In one or more of the 
following: (1) U.S. patent application serial na 0dM54.139. attorney dodcet no. 
25791.03.02. filed on 12W1099, (2) U.S. patent appUcation serial no. 09/510.913. 
attorney docket no. 25791.7.02, fltod on 2tt3«000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02. fited on moi2m, (4) U;S. patent 
application serial no. 09/440,338. attorney docket no. 25791.9.02, fited on 11/15/1999, 
(5) U.S. patent appficatkyi serial no. 09/523.460, attorney docket no. 25791 .1 1 .02. fited 
on 3/1 W2000. (6) U.S. patent application serial no. 09/512.895. attorney docket no. 
25791 .12.02. filed on 2/24/2000. (7) U.S. patent applicatton serial no. 09/51 1 .941 , 
attorney docket no. 25791 .16.02, filed on 2/24/2000, (8) U.S. patent appHcatlon serial 
no. 09/588.946. attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
appGcatten serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, 
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(10) PCT patent application serial no. PCT/U80(yi8635, attorney docket na 
25791^.02. filed on 7/»2000. (11) U.8. provisional patent appiicaUon serial no. 
60/162.671. attorney docket no. 25791.27. filed on 11/1/1099. (12) U.S. provisional 
patent application serial no. 60/154.047, attorney docket na 25791.29, filed on 
9/16/1999. (13) U.S. provishmal patent appOcatkm serial na 60/159,082. attorney 
docket na 25791.34, filed on 10/12/1999. (14) U.S. provistonal patent applicatkm serial 
na 6(V159.039. attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent appDcatkn serial na 60/150.033. attorney docket no. 25791 .37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212.359, attorney 
docket no. 25791.38. filed on 6/19/2000, (17) U.S. provlstonal patent applicatkm serial 
no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. 
provisionai patent applicatk)n serial na 60/221,443, attorney docket no. 25791.45. filed 
on 7/28/2000. (19) U.S. provisionai patent appiteatiori serial na 60/221,645. attorney 
docket na 25791.46. filed on 7/28/2000. (20) U.S. provisional patent applicatkm serial 
no. 60/233,638, attorney docket no. 25791.47. filed on 9/18/2000, (21) U.S. provistonal 
patent application serial no. 60/237,334. attorney docket no. 25791.48, filed on 
10/2/2000. and (22) U.S. provistonal patent appDcatkm serial no. 60/262,434. attorney 
docket na 25791 .51, filed on 1/17/2001 , lite disclosures of whteh are incorporated 
herein referenoa 

Refianing to FIGS. 12, 12a, 12b, 12c. and 12d. in an alternative embodiment, an 
apparatus 300 for fbnrting a mbho-diwneter weBbora casing posiltoned within the 
weHbore casing 115 that is substantially ktentteal in design and operatton to the 
apparatus 200 except tint a shoe 305 Is subsHtuled tor fhe shoe 215. 

In a preiiBrred embodiment, the shoe 305 includes an upper portion 305a. an 

intenfnedlate portton 305b. and a kMver portibn 305c having a valveable fluid passage 
310 that te preferably adapted to receive a plug. <tart or other similar element for 
controllably sealing the fluid passage 310. in this manner, the fluid passage 310 may 
be optimally sealed off by Introducing a plug, dart and/or bafl sealing elements into the 
fluM passage 310. 

The upper and tower portions. 305a and 305c, of the shoe 305 am preferably 
substantially tubular, and the intemr»dlate portton 305b of the shoe Inciudes 
corrugations 305ba-305bh. FurthemiorB. in a prsferred embodiment, when the 
intemnediate portton 305b of the shoe 305 is radially expanded by the applicatton of 
fiuid pressure to the interior 315 of the shoe 305. the inside and outside diameters of 
the ladiayy expanded intermediate portton are prsliBrabiy both greater than the inside 
and outsUe diameters of the upper and towBT portions, 305a and 30Sa In this manner. 
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tt» outer dramtferenoe of the intemiedte^ 

greater than the outer dreumfwences of the upper an^ 
of the shoe. 

In a preferred emiwdlment. the shoe 305 liifther IrKS^ 
5 and skfe outlet ports In fluldlcconimunIcatlDnvi«h the fluid passage 3W^ Inthis 
manner, the shoe 305 optimaily ln|ects hardenaUe ftuldic sealing material into the 
regiwi ojtslde the shoe 305 and tubular nromber 210; 

In an altematlve emtwdiment. the flow passage 310 Is omitted. 
In a preferred eirtxxWment. as Hlustiated in FIGS. 12 and 12d, during 
10 placement of the apparatus 300 within the vvellbore 100, fluidic mateilals 250 within the 
weDbore that are displaced by the apparatus are conveyed tlwough the fluid passages 
310, 205a. 225a. and 225b. In this manner, surge pressures created by the placement 
of the apparatus within Ihe wellbore 100 are leduced. 

In a prefarred emtxxiiinent. as illustrated in FIG. 13 and 13a. the fluid passage 
225b is then dosed and a han^enable fluidlc sealing material 255 is then pumped from 
a surface location Into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage 205a Into the interior region 315 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
Into the fluid passage 310. The material 255 then exits the apparatus 300 and fills the 
annular legkm 260 between the exterior of the tubular member 21 0 and the Interior wait 
onhenewsection130ofthewBnbore100. Continued pumping of tfie material 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 is prefBraWy pumped into the annular regfen 260 at prewures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1.500 
gallonsArrin. respectlvely. The optimum flow rate and operating pressures vary as a 
function of the casing and weiibore sizes, wellbore section length, available pumping 
equipment, and fluid properties of the fluidic material being pun«)ed. The optimum flow 
rate and operating pressure are preferably determined using oonventaonai empirical 
methods. 

The hardenable fluidic sealing material 255 may be eny number of conventional 
commerdaHy available hardenable fluidic sealing materials such as. tor example, slag 
ma, cement, latex or epoxy. In a prefsned embodiment, the hardenable fluidic seaUng 
mateffal 255 is a blended cement prepared specifically for the particular weR section 
being driOed from Halliburton Energy Sen/ioes In Dallas. TX In order to provide optimal 
support lor tubular member 210 while also maintaining optimum flow characteristics so 
as to minimize dWiculties during the displaoement of cement in the annular region 280. 
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The optimum Mend of the biemtod cement is preferatily detennined usmg conventional 
empiric^ methods. In several aRemativeembodnnents, the hardenablefiuidic sealing 
material 255 Is oompressRrie before, durbig. or after curing. 

The annular region 260 preferably Is fnied with the nraterlal 255 m sufl^^ 
quantities to ensure that; upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 130 of the welibore 100 win be filled with the material 
255. 

In an altemathre embodhient. the InjectkMi of the material 255 into the annular ' 
regini 260 is omitted. 

As inietrated in FIG& 14 and 14a. once the annular region 260 has been 
adequately filled with the material 255, a plug 265, or other similar device, is introduced 
into the flukl passage 310. thereby fluldldy isolating the interior region 315 ftom the 
annular region 260. In a prefened embodiment, a non-hardenable fluidic material 270 
is then pumped into the Bitarior region 315 causing the interior region to pressurize. In 
this manner, the interior region 315 will not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
Alternatively, the material 255 may be used during this phase of the process. 

As illustrated in FIG. 15, in a preferred embodiment, the continued injection of 
the fluidic mirisrial 270 pressurizes the region 315 and unfolds the corrugations 305ba- 
305bh of the inteimediato portion 305b of the shoe 305. in a prefened endxidiment. 
the outside diameter of the unfolded intennediate portion 305b of the shoe 3(^ is 
greater than the outside diameter of the upper and lower portions. 305a and 305b. of 
theshoe. in a prefsned embodiment, the irttide and outside diameterecrf the unfolded 
intermediate portion 30Sb of the shoe 305 are greater than the- inside and outside 
diameters, rs^ieciively. of the upper and lower portions. 30Sa and 305b. of the shoe. 
In a praliBrred embodiment, the inside diameter of the unfolded intemracflate portion 
305b of the shoe 305 is substantlally equal to or greater than the inside dianneter of the 

preexisting casing 305 in order to opiimbe the fonration of a nMnoKliametar welibore 
casing. 

As illustrated in FIG. 16, in a preferred embodiment, the expansion cone 205 is 
then lowered Into the unfolded intennedtete portion 305b of the shoe 305. In a 
preferred embodiment, the expansion cone 205 is towered into the unfolded 
intemftediato portion 305b of the shoe 305 until the bottom of the expansion cone is 
proximate the lower portion 305c of the shoe 3C». In a preferred embodiment, during 
the towering of the expansion cone 205 Into the unfolded Intermediate portion 305b of 
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the shoe 305. the material 255 within the annular region 260 maintains the shoe 305 in 
a autistantially stationary position. 

As illietrated in FIG. 1 7, in a prefBrred embodiment, the outsMe diameter <rf the 
expansion oone 205 is then irtcreased. In a preferred emiiodiment. the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348.095, and/or 6.01^523. the disdosures of which are Incorporate herein t>y 
referenoe. In a preferred eriiliodirnent. the outside diameter <rf the radially expanded 
expansion cone 205 is substantiaily equal to the inside diameter of the preexisting 
weUbore casing 115. 

In an alternative emlxxlimeht, the expansion oone 205 is not lowered Into the 
radially expanded portion of the shoe 305 prior to l)eing radially expanded, in this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion oone 205. 

In another alternative embodiment, the expansion oone 205 is not radially 
expanded. 

As Illustrated in FIG. 18. In a preferred embodiment, a fluWic material 275 is 
then injected into the regton 315 through the fluid passages 225a and 205a. In a 
prefanned embodiment, once the interior region 315 becomes sufRdently pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 
plastically defomied. racflally expanded, and extruded off of the expansion cone 205. 
Furthermore, in a preferred embodiment, during the isnd of the radial e}q!)an8lon 
process, the upper portion 210d of the tubular member and the lower portion of the 
preexisting casing 1 15 that overlap with one another are sinnjitaneously plastically 
defbmied and radially expanded. In this manner, a mono-diamelerwellborecesing 

may be formed that Includes the preexisting weDbore casing 1 15 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of Ihe 
expanded portion of the tubular member 210. In a prefsned embodiment, durir« the 
extrusion process, the expansion cone 205 is raised at approximately the same lale as 
the tubuler member 210 is expanded in order to keep the tubulsu- member 210 
stationary relative to the new welibore section 130. In this manner, an overlapping Joint 
between the radially expanded tubular member 210 and the tower portion of the 
preexisting casing 115 may be optimally fbmned. In an Amative preferred 
embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extnide off of the 
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expansion oone 205and into the newweUbore section 130 under the force of gravity 
and the operating pressure of the inlerfor region 230. 

In a preferred embodiment, when the upper end portion 210d of the tubular 
member 21 0 and the lower portion of the preexisting casing 1 1 5 that overlap with one 
5 another are plasttcaHy deformed and radially expanded by the expansion oone 205, the 
expansion cone 205 is dispiaoed out of the welibore 1 00 by both the operating 
pressure within the region 230 and a upwardly direded axial force applied to the 
tubular support member 225. 

The overiapping joint between the lower portion of the preexisting cashg 115 
10 and the radially expanded tubular member 210 preferably jxovides a gaseous and 
fluidic seal. In a particularly prefened embodiment, the sealing members 245 optimcrily 
provide a fluidic and gaseous seal in the overlapping Joint In an alternative 
embodiment the seaSng members 245 are omitted. 

In a preferred embodiment, the operating pressure and flow rerte of the fluidic 
1 5 material 275 is controtebly ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressiffe caused by the complete oxtruston of the tubular nr)ember 210 off of the 
expansion cone 205 can be minimized. In a praferred embodiment, the operating 
pressure is reduced in a substantially linear feshion from 1 00% to about 1 0% during 
20 the end of the extniston process beginning when the expansion cone 205 is within 
about 5 fiaet from completion of &ie extrusion process. 

Aitamathfely, or in comblnatkTn, the wail thldmess of the upper end portion 
210d of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically defbmning and radially expanding the upper end 
25 portion of the tubular member. In this manner, shock loading of the apparatus may be 
at least partially minimized. 

Altematrveiy, or in combination, a shock absorber Is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
The shock absort>er may comprtee, for example, any conventional commerdaOy 
30 available shock absorber adapted for use in weltbore operattons. 

Alternatively, or in combination, an expansion cone catching structure is 
provided In the upper end portion 210d of the tubular member 210 In order to catch or 
at least decelerate the expansion cone 205. 

In a prafarred embodiment, the apparatus 200 is adapted to minimize tensile, 
35 burst and fHction effiacts upon the tubular memt)er 21 0 during the expansion process. 
These efliacts will be depend upon the geometry of the expanskm cone 205. the 
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material composition of the tubular member 210 and expansion cone 205, the inner 
diameter of the tutiular mennber 210. the waU thidcness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 210. In genered, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
5 strength of the tubular member 210. then the greater the operating pressures required 
to extrude the tubular member 210 off or the expanston cme 205. 

For typical tubular members 210. the extmslon erf the tubular member 210 off of 
the expansion cone 205 wBI begin when the pressure of the Interior rsgton 230 
reaches, for example, approximately 500 to 9.000 psi. 

10 During the extri^ion process, the expanston bone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, fnxn about 
0 to 5 Wsec In a pr^erred embodiment, during the extnjsion process, the expansion 
cone 205 Is raised out of the expand^ portion of the tubular member 210 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the time required for the expansion 

15 process while also permitting easy control of the expansion process. 

As illustrated in FIG. 19. once the extnjslon process is oompleted, the 
expansion cone 205 is removed from the wellbore 100. In a preferred embodiment, 
either before or after the removal of the expanskxi cone 205. the Integrity of the fluidic 
seal of the overlapping joint between the upper erxi portion 210d of the tubular member 

20 210 and the tower end portton 1 15a of the preexisting wellborB casing 1 1 5 is tested 
using conventional methods. 

In a prefenned embodiment, if the fluidic seal of the overlapping Joint between 
the upper end portion 210d of the tubular member 210 and the tower end portion llSa 
of the casing 115 is satisfactory, then any uncured portkm of the ma^ 

25 expanded tubular member 210 is then removed In a conventional manner such as. for 
exampto. drculaflng the uncured material out of 0ie interior of ttie expanded tubular 
member 210. The expanston cone 205 is ttienpultod out of ttie wellbore section 130 
and a drfll bK or mili is used in combination witti a conventional drilling assembly to drill 
out any hardened material 255 wittiin the tubular member 210. In a prefjaned 

30 embodiment, ttie material 255 wittiin tiie annular regton 260 Is ttien aitowed tofiilly 
cure. 

As illustrated In FIG. 20. ttte bottom portion 30Sc of ttie shoe 305 may ttien be 
removal by drilling out ttie bottom portion of ttie shoe i^ing conventional drilling 
mettiods. The wellbore 100 may then be extended in a conventional manner using a 
35 conventional drilling assembly. In a preferred embodiment, ttie inside diameter of ttie 
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extended portion of the wellbore greater than the insMe diameter of tte 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeated^ pertbnned tn order to provide a 
mono-diameter weflbore casing that indudesoveiteppingwellbore casings. The 
5 overtappingwmilbore casing preferably Indude outer annular layers of fl^ 
materia. Aitamativeiy. the outer annular layers of fluidic sealing material may be 
omitted. In this manner, a rnoncklianrieterweilbof? casing may be formed within the 
subtenranean formation that extends for tens of thousands of feet More generdiy still, 
the teachings of FIGS. 12-20 nay be used to fbrni a momnliameter weUbore casing, a 
10 pipeline, a structural support, or a tunnel within a subterranean formation at any 
orientatiofl from the vertical to the horizontal. 

In a prefened embodiment, the fonnatipn of a morKHllameter weilbore casing, 
as Hlustrated In FIGS. 12-20, is further provided as disclosed In one or more of the 
following: (1) U.S. patent application serial no. Ofl/454.139, attamey dodtet no. 

15 25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913, 
attorney dodcet no. 25791 .7.02. filed on 2/23^000, (3) U.S. patent application serial 
no. 08/502.350. attorney docket no. 25791.8.02. filed on 2/10^000. (4) U.S. patent 
application sarfai no. 09/440.338, attorney dodtet no. 25791.9.02. filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,480. altomey docket no. 25791 .1 1 .02. filed 

20 on 3/10/2000. (6) U.S. patent appncatk)n serial no. 09/512.895. attorney docket no. 
25791.1^02. filed on 2/24/2000. (7) U.S. patent appBcation serial no. 09/511.941. 
attorney docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent appHcalfcxi serial 
no. 09/588.946, attorney docket no. 25791.17.02, filed on 6/7/2000. (9) U.S. patent 
appUcatkin serial no. 09/559,122. attorney dodcet no. 25701.23.02. filed on 4/260000. 

25 (10) PCT patent appiteatton serial no. PCTAJSOO/18635. attorney docket ho. 
25791.25.02, filed on 7/9/2000. (11) U.S. proviskmal patent applteetton serial no. 
60/162.671. attorney docket no. 25791.27, filed on 11/1/1999. (12) U.S. provisional 
patent applicatton serial no. 60/154.047, attorney docket no. 25791.29, filed on 
9/16/1999. (13) U.S. provisional patent appiteation serial no. 60/159,082, attpmey 

30 dodcet no. 25791 .34, filed on 10/12/1999. (14) U.S. provistonal patent applicatkm serial 
no. 60/159.039. attomey docket no. 25791.36, filed on 10/12/1999, (IS) U.S. 
proviskMial patent application serial no. 60/159,033, attomey docket no. 25791.37, fDed 
on 10/12/1999, (16) U.S. provisional patent appflcatkm serial no. 60/212,359. attomey 
docket na 25791.38, filed on 6/18/2000. (17) U.S. pravisk>nal patent appIfeatkNi serial 

35 no. 60/165.228. attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. 

praviskxial patent appBcalton serial no. 60/221.443. attomey docket no. 25791.45. filed 
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on 7/28/2000. (19) U.S. provisional patent appDcatton serial no. 60/221,645. attorney 
docket no. K79t.46. filed on 7/28/2000. (20) U.S. provisional patent application serial 
no. 60/233.638, attorney docket no. 25791.47. filed on 8/18/2000. (21) U.S. provisional 
patent application serial.no. 60/237.334. attorney docket no. 2S791 .48. filed on 
5 10/2/2000. and (22) U.S. provistonal patent appDcatton serial no. 6(y262.434. attorney 
docket no. 25791.51. filed on 1/17/2001. the disctosures of which are Incorporated 
herein tyy refierBnce. 

In several altamative emtxxSments. the apparatus 200 and 300 are used to 
form and/or repair WBlll)ore casings. p4)erines, and/or structured supports. 

10 In several alternative emtxxilmenls. the fbUed geometries of the shoes 215 and 

305 are provided In accordance with the teacNngs of U.S. Patent Nos. 5.425.559 
and/or 5.794,702. the disctosures of whtoh ars incorporated herein by reference. 

An apparatus for fbnming a weillx)re casing in a t)orehole hxated in a 
subtenanean formation including a preexisting wellbore casing has been described that 

15 includes a support member including a first fluM passage, an expansion cone ooupled 
to the support member Including a second fluid passage fluididy opupied to the first 
fluM passage, an expandable tubular liner movably ooupled to the expansion oone, and 
an expandable shoe coupled to the expandable tubular Dner. In a preferred 
embodiment, the expanston oone is expandable. In a prsferred embodiment, the 

20 expandable shoe indudes a valveable fluid passage for contn)ning the flow of 

materials out of the expandable shoe. In a preferred embodiment the expandable 
shoe includes: an mpandable portion and a remaining portton. wherein the outer 
drcumfimnce of the expandable portton is greater than the outer drcumferenoe of the 
remaining portion. In a prefened embodiment, the expandable portion Indudes: one or 

25 more inward folds. In a prefened embodiment, the expandabto portton Includes: one or 
more oomigattons. In a preferred embodiment, the expandable shoe Indudes: one or 
more inward fbUs. In a preferred embodiment, the expandabto shoe indudes: one or 
more oorrugations. 

A shoe has abo been dwcribed that indudes an upper annular portton, an . 

30 intermediate annular portton. and a tower annular portton. wherein the intennedlata 
annular portion has an outer drcumferenoe that larger than the outer drcumferenoes 
of the upper and lower annular portions. In a prefened embodiment, the kwrer annular 
portion Indudes a valveable fluid passage for controlling ttie flow of fiuidic materials out 
of the shoe. In a preferred embodiment, the IntOTnedlate portton indudes one or nrwre 

35 inward folds. In a prefened embodiment, the Intemnediate portton indudes one or nrKXB 
corrugations. 
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A method of forming a wellbofe casing in a sutyterranean fonnation having a 
preexisting waUbore casing positioned in a borehde has also tMen dB^ 
includes instaDing a tubular Oner, an expansion oone, and a shoe in the tKxehoie, 

radially expanding at least a portion of the shoe Iv Neding a lluldic material in^ 
shoe, and radially expanding at least a portion of the tubular liner tyy injectir^ a fluidic 
materiai into the borehole belowrthe expansion cone.. In a preferred embodiment, the 
method further includes radialiy expanding the expansion cone. In a prefbned 
embodiment, the method further includes lowering the expansion oone Into the radialiy 
expanded portion of the shoe, and radially expanding the expansion oone. Ina 
pTBfened embodiment the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material Into the borehole below 
the radiaily expanded expansion cone. In a prefsned embodiment, the method further 
includes injecting a hardenable fluidic sealing materiai Into an annuius between the 
titular liner and the borehole. In a prefBrred embodinwnt, the method further includes 
radially expanding at least a portion of the preexisting weilbore casing, in a preferred 
embodiment, the method further includes overtopping a portion of the racfially 
expanded tubular liner with a portion of the preexisting weilbore casing. In a prefened 
embodiment, fh» inside diam^r of the radially expanded tubular liner is substantially 
equal to the inside diameter of a nonovertapping portion of the preexisting weilbore 
casing. In a prefened embodiment, the method further includes applying an axial force 
totheeiqiansionoone. In a preferred enibodlment, the inside diameter of the radiaily 
expanded shoe is greater than or equal to the inside diameter of the radiaily expanded 
tutMJiar liner. 

An apparatus fbrfomiing a vvelR)oie casing h a subtenanean fbmmrt^ 
a preexisting weilbore casing positioned in a borahole has also been describe 
includes means for instaifing a tubular liner, an expansion cone, and ashoe inthe 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular Oner in a preferred errtbodiment. the 
apparatus further includes means for radially expanding the expansion cone. In a 

prrtened embodiment, the apparatus further Includes means for lowering the 
expansion oone into the radially expanded portion of the shoe, and means for radiaily 
expanding tf» expansion cone. In a prsfianed embodiment, the apparatus further 
includes means for ir^ecting a fluidic materiai into the borehole below the radially 
tt^Minded expansion oone. in a prefened embodiment, the apparatus further includes 
means for injecting a hardenEd>ie fluidic sealing materia into an annuius between the 
tubular Oner and the bbrehole. In a prefened embodiment, the apparatus forther 
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Includes means fdr radially expanding at least a portion of the preexisting weilliore 
casing. In a prefenedemtxxJbmnt, the apparatus lurttwr includes means to 
overlapping a portion of the radlaDy expanded tubular GnerwRh a por^ 
preexi8ttngweill)oie casing. In a preferred emtxxilnnent. the Inside diameter of the 
radially expanded tutnjter Dner is sul)slantially equal to the inside diameter of a 
noruivertapping portion of the preodsting wellbore casing, in a preferred embodiment, 
the apparatus further includes rneans tSor ^lybig an axial fons to the expansion 
In a preliBrred emixxfiment, the biside dtam^ofthe radially expanded shoe is greater 
than or equal to the Inside diameter of the radially expaided tulxjlar liner. 

An apparatus for fbrnriing a vrellbore casing within a sut)tefTanean formation 
including a preexisting wellbore casing positioned In a borehole has also been 
descra>ed that includes a tubular liner and means for radiaOy e^Mmdlng and coupling 
the tubular Hner to an overlapping portion of the (Nemdsting waObore casing. The 
inside diameter of the radially expanded tubular Gner Is sid»tanlially equal to the inside 
diameter of a non-overlapplrig portion of the preexisting wellbore casing. 

A wellbore casing positioned in a borehole within a subtenranean formation has 
also been described that includes a first wellbore casing and a second wellbore casing 
coupled to and overtapping with the first wellbore casing, wherein the second wellbore 
casing is coupled to the first wellbore casing by the process of: installing the second 
weObore casing, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting afluidic material inb the shoe, and radially 
expanding at least a portion of the second wellbore casing by irqeding a fluidic materiai 
into the borehole below the expansion cone. In a prefened embodiment, the process 
for forming the wellbore cesing further includes radi^ expanding the expansion cone. 
In a preferred embodlmmt. the process for forming the wellbore casing further includes 
lowering the expansion cone into the radial^ expanded portion of the shoe, and r«fially 
expanding the expansion cone, in a prefened wnbodlment, the process for fomning the 
wellbore cesing further includes radially expanding at least a portion of the shoe and 
the second wellbore casing by Injecting a fluidic material into the borehole betow the 
radially expanded expansion cone. In a prefenred embodiment, the piDcess for forming 
the wellbore casing further includes injecting a hardenable fluidic sealing material into 
an annulus between the second wellbore casing and the borehole. In a preferred 
embodiment, the process fn- fomiing the wellbore casing further Includes radially 
expanding at least a portion of the first wellbore casing. In a preferred embodinwnt, 
the process for fonning the wellbore casing further includes overtapping a portion of the 
radially expanded second wellbore casing with a portion (rf the first weltt)ore casing, in 
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a preferred embodiment, (he inside diameter of the radlaDy expanded second vvellbore 
casing is sut)stantially equal to the inside diameter of a nonoveriapping portion of the 
first wellbore casing. In a prefened emtxxiiment. the process (or forming the waObore 
casing further includes applying an axial force to the expansion cone. In a prefened 

5 «"*Pdinwnt.thein8ldediameteroftheradiallyexpandedshoelsgrBaterthanor'^^ 
to the inside diameter of the radially expanded second welli)oiB easing. 

A method of fonning a tubular structure in a subtwranean fonnation having a 
preexistihg tubular member positioned in a borehole has also been described that 
includes instaHing a tubular liner, an expansion cone, and a shoe In the borehote. 
10 radlaOy expanding at least a portion of the shoe by injecting a fluldic material into the 
shoe, and radially expanding at feast a portion of the tubular liner by injecting a fluldic 
material into the borehole beioM the expansion cone. In a prefened embodiment, the 
method further Includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone into the radiajiy 
15 expanded portion of the shoe, and radially expanding the expansion cone. In a 

prelerred embodiment, the method further includes radially expanding at least a portion 

of the shoe and the tubular liner by injecting a fhJidte material into the borehole below 
the radfeHy expanded expansion cone. In a prefened embodiment, the method further 
includes Injecting a hardenaUe fluldic sealing material into an annulus between the 
tubufer liner and the borehole. In a prefened embodiment, the method further Includes 
radtally expanding at feast a portion of the preexisting (ubutermember. Inaprefened 
embodiment, the method further Includes overtapping a portion of the radfelly 
expanded tubufer liner with a portton of the preexisting tubular member. In a prefened 

enribodiment, the inside dfemeter of the radfelV expanded tubutai- Dner b subsfentfelly 
equal to the Inside diameter of a nonoveriapping portion of the preexisting tubufer 
member. In a prefened embodlmeint. the method further indudes applying an axfal 
fbroe to the expansion cone. In a prefenred embodiment, the inside dfemeter of the 

radfelly expanded shoe is greater than or equal to the Inside diameter ofihe radfelly 
expanded tubular liner. 

An apparatus for fonrtng a tubufer stmcture In a subtenanean fbmiation having 
a preaxfeting tubufer member positioned In a borehote has also been described that 
includes means for insteUIng a tubuter Oner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radfelly expanding at feast a portion of the tubuter liner. In a prefened embodiment, the 
apparatus further includes means for radfeHy expanding the expansion oone. in a 
prefarred embodiment, the apparatus Anther includes means for lowering the 
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expansion oone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion oone. In a priafiBned emtxxliment. the apparatus further . 
includes means for injecting a fluidic mat^al into the borehole below the radially 
expanded expansion oone. In a preferred embodiment the apparatus further includes 

5 means for ir^ecting a hardenable flukJIc sealing material into an annulus b^ween the 
tubular liner and the borehole. In a prefarred embodiment, the apparatus further 
includes means for radially expanding at least a portion of the preexisting tubular 
* men4)er. In a prsfmed embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 

10 prsexistingtLrtxjIar member. In a preferred embodiment, the inside diameter of the 
radially expanded tubular Gner is substantially equal to the inside diameter of a 
nonoverlapping porticm of the prMxisting tubular member. In a preferred embodiment, 
the apparatus further hdudes means for applying an axial force to the expansion cone. 
In a prsferred embodimant, the ir^ide diameter of the radially expanded shoe is greater 

15 than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for fbmring a tutMJlar structure within a sut>terrar>ean formatton 
Including a preexisting tubular member positioned in a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 inside diameter of the radlaHy expanded tubular liner Is substantially equal to the inside 
diameter of a non^iverlapping portion of the preexisting tubular member. 

A tubidar stmcture praiiioned In a borehole within a subterranean fonnation has 
also been described that includes a first tubular member and a second tubular member 
coupled to Bn6 overtapping with the first tubular member, wherein the second tubidar 

25 member is coupled to the first tubular member the process of: installing the second 
tubular merhber, an expansion oone, and a stoe in the borehole, radlalty expanding at 
least a portion of the shoe by bftjed&ig a fluidic material into the shoe, and radially 
expanding at least a portion of the second tubular member by injecting a fluidic material 
into the borehole below the expansion oone. In a preferred embodiment, the process 

30 for fonming the tubular stnidure further includes radially expanding the expansion oone. 
In a preferred embodiment, the process for forming the tubular structure further 
Includes lowering the expansion cone into the radially expanded portion of the shoe, 
and radially expanding the expansion oone. in a preferred embodiment, the process 
for forming the tubular structure further Includes radially expanding at least a portion of 

35 the shoe and the second tubular member by injecting a fluidic material into the 

borehole below the radially expanded expansbn cone. In a preferrekJ embodiment, the 
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process for forndng the tubular slAicbure further includes injecting a hardenable fluidic 
sealing material into an annulus between the second tutnjlar member and the borehole. 
In a preferred embodiment the process for fwnrdng the tubular structure further 
includes radiaDy expanding at least a portion of the first tubular member. In a preferred 

5 embodirnent the process for fonning the tubular structure further! . 
a portion of ^ radially expanded second tubular member with a pc^on of the first 
tubular member. In a prefened embodiment, the Inside diameter of the radially 
expanded second tubular member is sutistantially equal to the inside diameter of a 
nonoverlapping portion of the first tubular member. In a preferred embodiment, the 

10 process for fbrnilng the tubular structure further includes applying an axial force to the 
expansion cone. In a prefeired embodiment the inside diameter of the radially 
expanded shoe Is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although illustrative embodiments of the invention have been shown and 

15 described, a wide range of modification, changes and substitution te contemplated in 
the foregoing disclosure. In some Instances, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 
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1. A tubular Structure positioned in a borehole witMn a 
oomprising: 

5 a first tubular member; and 

a second tubular member coupled to and overlapping with the first tubular 
memt)er; 

wherein the second tLd)ular member is coupled to the first tubular member by 
the process of: 

10 installing the second tubular member, an expansion cone, and a shoe that 

defines an interior region for containing fluidic materials in the borehole; 

radially expanding at least a portion of the shoe by Meeting a fluidic material 
into the interior regton of the shoe; and 

radiaily expanding at least a portion of the second tubular member by injecting 
15 a fluidic material into the borehole below the expansion cone. 

2. The tubular structure of daim 1 , wherein the process further comprises: 

radially expanding the expansion cone. 

20 3. The tubular staicture of daim 1 . wtierein the process further comprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

4. The tubular structure of daim 3, wherein the process futhercorn^^ 

25 radially expanding at least a portion of the shoe and the second tubular member 

by injecting a fluidic material into the borehole below the radially expanded expansion 
cone. 

5. The tubular structure of daim 1 , wtierein the process further comprises: 

30 Injecting a hardenat>le fluidic sealing material Into an annulus bebNeen the 

second tubular memt>er and the lx)rehole. 

6. The tutujiar structure of daim 1 , wherein the process further comprises: 
radially expanding at least a portion of the first tubular member. 

35 

7. The tubular structure of daim 6. wherein the process further comprtees: 
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overlapping a portion of the radially expanded second tubular nnember with a 
portion of the first tubular TOnrter 

8. The tubular structure of daim 7, wherain the inside diannetBr of the radially 

5 expanded second tubvriar meint»r is substantially eqiml to the Inside dbmeter of a 
nonoverlapping portion of the first tubular member. 

9. TTie tubutar structure of ctalm 6. wherein the process further comprises: 
applying an axial force to the expansion oone. 

0 

1 0. The tubular structure of daim 1 « wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 
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Claims 

1. An apparatus for forming a welibore casing In a borehole iocaled in a 
subterranean fomnation including a preexisting weiibore casing, comprtelng: 

5 a wpport member including a first fluid passage; 

an expansion oone coupled to the support member indiKiing a second fliM 

passage fluldidy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandcMe shoe coupled to the expandable tubular iiner. 

10 

2. The apparatus of daim 1 . iwherein the expansion cone is expandable. 

3. The apparatus of daim 1 , wherein the expandable shoe indudes a vaiveabte fluid 
passage for controlling the flow of fluidic materials out of the expendable shoe. 

15 

4. TTie apparatus of daim 1 , wherein the expandable shoe Indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumforence of the expandable portim is greater than the 
20 outer drcumference of the remaining portion. 

5. The apparatus of daim 4, wheiein the expancteible portion indudes: 
one or more inward folds. 

25 6. The apparatus of daim 4. wherein the expandable portion indudes: 
one or more oorrugations. 

7. The apparatus of daim 1 , wherein the expandable shoe includes: 
one or more Inward folds. 

30 

8. The apparatus of daim 1 . wtierein the expandable shoe indudes: 
one or rrnxe oomigations. 

g. A shoe, comprising: 
35 an upper annular portion; 

an intenmediate annular portion coupled to the upper unnular portion; and 
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a lovi«r annular portton ooupled to the mtermediata por^ 

wherein the Intemiediate annular portton has an outer drcumferenoe that is 

larger than the outer drcumferBnoes of the upper and lower annidar 

portions. 

10. The shoe of dalm 9. wherein the lower annular portion includes a valveabte fluid 
passage for oontroUing the flow of fluidic materials out of the shoe. 


1 1 . The shoe of dabn 9, wherein the intmnediate portion Includes: 
10 one or more inward folds. 

12. The shoe of daim 9, wherein the intennediate portion includes: 
one or more oonugations. 

15 13. A method of fomiing a wellbore casing In a subtenanean fbnnation having a 
preexisting weitt>ore! casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
Mo the sho« and 

20 radially expanding at least a portion of the tubular liner by injecting a fliddic 

material. Into the borehole below the mpandon oone. 

14. The method of daim 13. further oonv)rising: 
radially expanding the expansion cone. 
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1 5. The method of daim 1 3, further comprising: 

lowering the expansion oone into the radially expanded portion of the shoe; and 
radiaDy expanding the expansion cone. 


30 16. The mettHXlofdalm 15, further comprising: 

radially expanding at least a porti<xi of the shoe and the tubi^r liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion oone. 


35 17. 


The method of dalm 13, furtter comprising: 
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Injecting a hardenable fluidic seaUng material Into an annulus between the 
tubular liner and the borehole. 

18. The rnethodofdainri 13. further comprising: 
5 radialiy expanding at least a portion of the preexisting wellbore casing. 

10. The method erf daim 18, further comprising: 

overlapping a portion of the radially expanded tubular Dner with a portion of the 
preexisting weHbore casing. 

10 

20. The rmthod of dalm 1 9, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside dianteter of a 
nonovertapping portion of the preexisting wellbore casing. 

15 21. The method ddaim 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of dalm 1 3, wherein the inside diameter of the radially expanded 
shoe is greater than or substanflaily equal to the inside dameter of the radially 

20 expanded tubular Hner. 

23. An apparatus for forming a wellbore casing in a subtennanean fbmnatlon having a 
preexisting welibore casing positioned bi a borehole, oonqsrising: 

means for installing a tubular Oner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portton of the shoe by injecting a fluidic 

material Into the shoe; and 
means for radially expanding at least a pc^n of the tubular liner by Injecting a 
fluidic material into the borehole below the expansion oone. 

24. The apparatus of daim 23, further comprising: 
means for redially expanding the expansion oone. 

25. The apparatus of daim 23, further comprising: 

35 means for lowering the expansion cone into the redially expanded portion of the 

shoe; and 
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moans for radially expanding the expansion cone. 
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26. The apparatus of daim 25. further comprisfng: 
means for injecting a fluidic material into the borehole below the radially 

expanded expansion cone. 

27. The apparatus of daim 23, further comprising: 
means for injecting a handenable fiuldic sealing material into an annulus 

between the tubular Dner and the borehde. 

28. The apparatus of daim 23. further comprisihg: 

means for radially expanding at least a portion of the preexisting wdlbore 
casIng^ 

IS 29. The apparatus of cbim2B, further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting weObore casing. 

30. The apparatus of daim 29. wherein the inside dbmeter of the radially expanded 
20 tubular liner is substantiaily equal to the inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

31 . The apparatus (rf daim 28, further oompirisbig: 
means for applying an axial force to the mpansion cone. 

32. The apparatus of daim 23, wherein the inside diameter of the radially expanded 
shoe is greater than or substantiaily equal to the inside diameter of t^ 
expanded tubular liner. 


25 


30 33. An apparatus for fbnrriing a wellbore casing within a subterranean form^ 
including a preexisting weBbore casing positioned in a borehole, comprising: 
a tubular linen and 

means for radlaiiy expanding and coupling the tubular Dner to an overlapping 
portion of the preexisting wellbore casing; 


35 


wherein the inside cDanoeter of the radially expanded tubulal* ilner Is 

substantially equal to the Ini^e dlanieter of a non^overlapping portion of 
the preexisting welttx)re casing. 

5 34. A weilbore casing positioned In a borehole v^thin a subterranean fbmnalion. 
oomprisingc 

a first wellbore casing ; and 

a second wellbore casir^ coupled to and overlapping with the first wellbore 
casing; 

10 wherein the second wellbore casing is coupled to the first welibore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a ^oe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a flui(fic 
15 niatsrial into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 

Injecting a fluidic nnaterial into the tx>rehole t)elow the expansion 

cone. 

20 35. The wellbore casing of dalrn 34. wherein the process further comprises: 
radially expanding the expanstori cone. 

36. The wellbors casing of dalm 34, wtierein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 rexliaBy expanding the expansion cone. 

37. The wfellbors casing of daim 36, wherein the process fiirttiercofn^ 

radiaBy expanding at least a porUon of the shoe and the second wellbors casing 
by Injecting a fluidic material Into the borehole below the radially 
30 expanded expansion cone. 

38. The wellbore casing of daim 34, wherein the process further comprises: 
injecting a hardenable fluidic sealing material into an annulus t>etween the 

second wellbore casing and the borehole. 

35 

39. The weHbore casing of dalm 34, wherein the process further comprises: 


36 

radisdiy expanding at least a portion of the first wellbore casing. 

40. The wellbore casing of 39, wherein the process further comprises: 

overiapping a portion of the radially expanded second weUbore casing with a 
5 portion cX the first wellbore casing. 

41 . The weilbors casing of dalm 40, wherein the Inside dbmeter of the radially 
expanded second wellbore casing is substantially equal to the inside diameter of a 
nonovertapping portion of the first weUbore casing. 

10 

42. The wellbore casing of dalm 39, wherein the process further comprises: 
api^ng an axial force to the expansion cone. 

43. The wellbore casing of daim 34. wherein the inside diameter of 

1 5 expanded shoe is greater than or substentially equal to the Inside dianreter of the 
radially expanded second wellbore casing. 

44. A method of forming a tubuter stnidure in a subterranean fbrmaten having a 
preexisting tubular member positioned in a borehole, convrishg: 

20 instelling a tubular Oner, an expansion cone, and a shoe in the borehote; 

radially expanding at least a portion of the shoe by irijecUng a fluidic material 
Into the shoe; and 

radially expanding at least a portion of the tubular Oner by ir^ecting a fluidic 
material into the borehole below the expansion cone. 

25 

45. The method of daim 44, further comprising: 
radially expanding the expansion cone. 


46. Themethod of dalm 44, further comprising: 

30 towering the expansion cone Mo the radially expanded portion of the shoe; and 

radially expanding the expansion cone. 

47. The melhod of dalm 46, further comprising: 

radially expancflng at least a portion of the shoe and the tubular liner by injecting 
35 a fluidic material into the borehole below the radtaily expanded 

expansion cone. 
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The method of daim 44, further comprising: 

injecting a hardenable fluidic sealing material info an annulus between the 
tijt)ular Dner and the borehole. 

The method of daim 44, further comprising: 
radially expandhg at least a portion of the preexisting tubular member. 

The method of daim 49, further comprising: 
overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tid)ular member to provide a load bearing interface and a 
fluidic seal. 

51 . The method of daim 50, wherein the inside diameter of the radially expanded 
15 tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting tubular member. 

52. The method of daim 49, further oompridng: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44. wherein the inside diameter of ttm radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tirinilar Hner. 

25 54. An apparatus for fomiing a tubular stnjcture in a subterranean fbnnationh^ 
preexbting tubular member positioned in a borehole, conriprieing: 

means for installing a tubular liner, an expansion cone, and a shoe In the 
borehole; 

mear» for rERjially expanding at least a portton of the shoe; and 
30 means for radiaBy expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54. further comprising: 
means fbr radialiy expanding the expanston cone. 


48. 


5 

49. 



35 56. The apparatus of daim 54. further comprising: 
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means for towerbig the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion odne. 

5 57. The apparatus of daim 56. further oompri^ng: . 

means for injecting a fluidic material into the borehole below the radially 
expanded expandon cone. 

58. The apparatus of daim 54. further cxmprising: 

10 means for injeding a hardenable fluidic sealing material into an annulus 

between the tubular liner and the borehole. 

59. The apparatus of daim 54, liirther comprising: 

nrieans fc)r radially expanding at least a portion of the preeM 
15 rramber. 

60. The apparatus of daim 59. further comprising: 

means for overlapping a portion of the radially expanded tubular Dner with a 
portion of the preexisting tubular member to provide a load bearing 
20 interface and a fluidic seal. 

61 . The apparatus of daim 60, wherdn the inside diameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonoverlapping portion of 
the preexisting tubular member. 

25 

62. The ^f)paratus of daim 59, further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatis of daim 54, wherein the inside diameter of the radially expanded 
30 shoe Is greater than or substantiaily equal to the inside diameter of the radially 

expanded tubular liner. 


35 


64. An apparatus for forming a tubular structure within a sutiterranean fomnation 
Including a preexisting tubular member positioned in a borehole, comprising: 
atubidariinenand 
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moans for radially expanding and coupling the tubular liner to an overlapping 

portton of the preexisting tubular memben 
wherein the Inside dlanrwter of the radially expanded tubular finer is 

substantial^ equal to the ir^ide diameter of a nonK)vertapping portion of 

the preexisting tubular member. 

65. A tubular structure positioned In a borehole within a subterranean Ibnnation, 
comprising: 

a first tubular member; and 

a second tubular member coupled to and overlapping with the first tubular 
nmntien 

wherein the second tubular member is coupled to the first tubular membtt* by 
the process of: 

installing the second tubular member^ an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by irijeding a fluidic 

material Into the shoe; and 
radially expanding at least a portion of the second tubular member by 

injecting a fluidic nraterial into the borehole below the expansion 

cone. 

66. The tubular structure of daim 65, wherein the process further oomprte^ 

radially expanding the expansion pone. 

67. The tubularstructure of daim 65. wherein the process further oornprtees: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular structure of dabn 67, wt^rein the process further oomprises: 

radially e)q)anding at least a portion of the shoe and the second tubular member 
by injecting a fluidic material into the txxehole below the radially 
expanded expartsion cone. 


69. 


The tubular structure of daim 65. wherein ttie process further comprises: 
injecting a hardenabie fluidic sealing material into an annulus between the 
second tubular member and the borahole. 
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70. The tubular stmdure of daim 65. whmin the imom 

radially expanding at least a portion of the first tutHJiar nnember. 

71 . The tubular structure of claim 70. vvherein the prooese further comprises: 

overlapping a portion of ihe radially expanded sebond tubular member with a 
portion of the first tubular member. 

72. The tubular stnicture of daim 71 . wherein the inside diameter of the radially 
expanded second tubular member is substantially equal to the inside diameter of a 
nonoverlapping portion of the first tubular member. 

73. The tubular stnictuie of daim 70, wherein the process further oornprlses: 

applying an axidl force to the expansion cone. 

74. The tubular structure of daim 65. wherein the inside diameter of the radially 
expanded shoe Is greatw' than or substantially equal to the Inside diameter of the 
radially expanded second tubular member. 

75. An apparatus for fbmdng a weUbore casing In a borehole located In a 
subtananean formation Induding a preexisting wellbore casing, comprising: 

a support member induding a first fluM passage; 

an expandable expansion cone coupled to the support member Including a 

second fluid passage fiuididy coupled td the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner comprising: 

a valveable fluid passage for controlling the flow of fluidic materials out 
of the expandable shoe; 

an expandable portion induding one or more inward folds; and 

a remaining portion coupled to the expandable portion; 

whersin the outer drcumference of the expandable portion is greater 
than the outer drcumfiBrenoe of the remaining portion. 

76. A shoe, comprising: 

an upper annular portion; 
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an intenmediate annular portion coupled to the upper annular portion Including 

one or mora inward folds; and 
a loiwer annular portion coupled to the bitennediate pcvtion Including a 

valveabte fluid passage for controlling the flow of fluidic matarials out of 
5 the shoe; 

wherein the Intermediate annular portion tas m outer drcumference that is 

larger than the outer circumferences of the upper and lower annular 

portions. 

10 77. AmethodofforrnlrigaweliborecasInginasubtenBneanfonrationhavinga 
preexisting wellt>ors casing positioned in a borehole, comprising: 

instetting a tubular finer, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

1 5 lowering the expansion cone into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
matmlal Into the borehole below the expansfon cone; and 

overlapping a portion of the radially expanded tobuiar liner with a portion of the 
20 preexisting wellbore casing; 

wherein the inside diameter of the radally expanded shoe is greater than or 
sid>stenttelly equal to the inside diameter of the radially expanded 
tubular linen and 

wherein ttie Inside diameter of the racflally expanded tubular liner is 
25 substentially equal to or greater than the Indde diameter of a nonovertapping 

portion of the preexisting weHbore casing. 

78. An apparatus for fonming a wellbore casing in a subtenanean fonmation having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for installing a tubular Bner. an expansion cone, and a shoe In the 

t)orehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

rhaterial into the shoe; 
means for lowering the expansion com into the radially expanded portion of the 
35 shoe; 

means for radially expandir^ the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by Ir^ecUng a 
fiuidic material into the borehole below the radially expanded expansim 
oone; 

means for radially expanding at le^ a portion of the preexisting welibore 
5 casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

porUon of the preexisting wetlbore casing; 
wherein the inside diameter of the radially expanded shoe is graater than or 

substantially equal to the inside diameter of the radially expanded 
10 tubular liner; and 

wherein the inside diameter of the radially e}q)dnded tubular liner \s 

substantially equal to the inside diameter of a nonovertapping portion of 

the preexisting wellbore casing. 

15 79. A wellbore casing positioned in a borehole within a subtenanean fbnnation, 
comprising: 

a first wellbore casing; and 

a second wellborB casing coupled to and overlapping with the first wellbore 
casing; 

20 wherein the second wellbore casing is ccxjpled to the fi^ 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe In 
the borehole; 

radially expanding at least a portton of the shoe tiy irtjecting a fliAfic 
25 material into the shoe; 

lowering the exparision cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion oone; 

radially expanding at least a portion of the second wellbore casing by 
30 injecting a fiuidic material Into the borehole below the radially 

expanded expansion cone; and 


overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first welRxm cs^'ng; 
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wherein the inside diameter of the radially expanded shoe Is greater 
than or sul)stantiaiiy equal to the inside diameter of the radially 
expanded second weflbore casing; and 

wherein Itie toide diameter of the radblly expanded second weilbore 
5 casing Is substantially equal to the inside diameter of a 

nonoverlapping portion of the first weilbore casing. 

80. A method of fbnning a tubular stoicture in a subtenanean fonmation having a 
preexisting tubular member positioned in a borehole, comprising: 
10 installing a tubular liner, an expansion cone, and a shoe in the borehole; 

radiaPy expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 
15 radiaRy expanding at least. a portion of the hdHilar liner by Injecting a fluidic 

material into the borehole below the radially expanded expansion cone; 

and 

overiapping a portion of the radially expanded tubular Dner with a portion of the 
preexisting tubular member to provide a load t)earing Interface and a 
20 fluidic seal; 

wherein the ir»lde diameter of the radially expanded shoe is greater than or 
siAstanUally equal to the inside diameter of the radially expanded 
tubiriar linen and 
wterein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to the inside diameter of a nonoveriappfng portion of 

the preexisting tubular member. 

. 81 . An apparatus for forming a tubular stnidure in a subtenranean formation having a 
preexisting tubular nrmnber positioned in a borehole, comprising: 
30 nneans for instalTtng a tubular liner, an expansion CGra, ard 

borehole; 

nrteans for radially expanding at least a portion of the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
shoe; 

35 means for radially expanding the expansion cone; 

means for radially expanding at least a portion of the tubular liner, and 
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means for overlapping a portion of the radiady expanded tubular liner with a 

porlioh of the preexisting tubular member to providea load bearing 

interboe and a fluidic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equd to the inside diarneter of the raidiaHy expanded 

tubular tinen and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular member. 

82. A tubular structure positioned in a borehole within a subterranean fonnation, 
oomprising: 

a first tubular memben and 

a second tubular member coupled to and overlapping with the first tubular 
memben 

wherein the second tubular member is coupled to the first tubular member by 
the process dh 

installing the second tubular member, an expansion cone, and a stm in 
the borehole; 

radially expanding at least a portbn of the shoe by Injecting a fluidic 

material into ttte shoe; 
lowering the expansion cone into the radially expanded portion of the 

shoe; 

radiaOy expanding the expansion cone; 

radially expanding at least a portion of the second tubular member by 

injecting a fluidic material into the borehole below the radially 

expanded expansion cone; and 
overlapping a portion of the radially expanded second tubular member 

with a portion of the first tubular member, 
wherein the inside diameter of tiie radially expanded shoe is greater 

than or substantially equal to ttie inside diameter of the radially 

expanded second tutxjiar member; and 
wherein tlie inside diameter of ttie radially expanded second tubular 

member is substantially equal to the inside diameter of a 

norKiveriapping portion of the first tubular meniber. 
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